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RNA interference (RNAi) is a powerful tool to silence gene ex- 
pression post-transcrlptionally 1 . However, its potential to treat 
or prevent disease remains unproven. Fas-mediated apoptosis 
is implicated in a broad spectrum of liver diseases, where In- 
hibiting hepatocyte death is life-saving 2 . We investigated the In 
vivo silencing effect of small interfering RNA (siRNA) duplexes 
targeting the gene Fas (also known as TnfrsfS), encoding the 
Fas receptor, to protect mice from liver failure and fibrosis In 
two models of autoimmune hepatitis. Intravenous injection of 
Fas siRNA specifically reduced Fas mRNA levels and expression 
of Fas protein in mouse hepatocytes, and the effects persisted 
without diminution for 10 days. Hepatocytes isolated from 
mice treated with Fas siRNA were resistant to apoptosis when 
exposed to Fas-specific antibody or co-cultured with con- 
canavalln A (ConA)-stimulated hepatic mononuclear cells. 
Treatment with Fas siRNA 2 days before ConA challenge abro- 
gated hepatocyte necrosis and inflammatory Infiltration and 
markedly reduced serum concentrations of transaminases. 
Administering Fas siRNA beginning one week after initiating 
weekly ConA injections protected mice from liver fibrosis. In a 
more fulminant hepatitis induced by injecting agonistic Fas- 
specific antibody, 82% of mice treated with siRNA that effec- 
tively silenced Fas survived for 10 days of observation, whereas 
all control mice died within 3 days. Silencing Fas expression 
with RNAi holds therapeutic promise to prevent liver injury by 
protecting hepatocytes from cytotoxicity. 

RNAi by synthetic siRNAs 21-23 nucleotides in length silences 
cellular and viral gene expression in mammalian cells in vitro 3 *. 
siRNA duplexes pulse-injected into the tail vein of mice inhibit 
expression of a co-transfected firefly luciferase gene 5,6 . Viral-medi- 
ated delivery of siRNA in vivo reduces exogenous green fluores- 
cent protein (GFP) and endogenous glucuronidase expression 7 . In 
these studies, RNA silencing was prominent in the liver, indicat- 
ing that the liver is an ideal organ to test the therapeutic potential 
of siRNA. Hepatocytes are very susceptible to Fas-mediated apop- 
tosis because they highly express Fas 8 . As a consequence, Fas-me- 
diated apoptosis is important in hepatic injury from diverse 
insults, including viruses, autoimmunity and transplant rejec- 
tion 2,9 . Fas-deficient Ipr mice survive challenge with factors that 
induce fulminant hepatitis in normal mice 1011 and show reduced 
fibrosis after chronic hepatic insults 12 . Therefore, we investigated 
whether intravenous siRNA injection targeting Fas could inhibit 



Fas expression on mouse hepatocytes in vivo and protect the liver 
from fulminant hepatitis and fibrosis. 

First, we verified delivery of synthetic siRNA duplexes into 
mouse hepatocytes in vivo by hydrodynamic tail vein injection 
of Cy5-labeled Fas(sequence 1) siRNA (50 ug, 2.0-2,5 mg/kg) 13 
(for details of Fas target sequences, see Methods). Twenty-four 
hours after the last of three injections, 88 ± 6% of hepatocytes 
had taken up the siRNA and were Cy5-positive as determined by 
flow cytometry (Fig. la). The efficient delivery confirms that 
siRNA duplexes can be taken up by most liver cells in vivo 5,6 . 
Transduction efficiency was higher than the 40% efficiency ob- 
served with a single injection of reporter plasmid DNA 13 . 
Measuring uptake of Cy5-Fas siRNA is only a surrogate for mea- 
suring Fas siRNA uptake in vivo, however, because siRNA labeled 
with Cy5 at the 3' end does not induce silencing (data not 
shown). Fas mRNA and protein expression in hepatocytes was 
measured by RNase protection assay (RPA) and immunoblotting, 
respectively, at various times after injection. Treatment with 
Fas(sequence 1) siRNA reduced Fas mRNA expression eight to 
tenfold as compared to saline or GFP siRNA injection (ratios of 
Fas signal to Gapdh signal (internal control): 0.0024 ± 0.0004 
versus 0.022 ± 0.002 saline or 0.022 ± 0.002 GFP (sequence 1) 
siRNA, n = 3 per group, P < 0.001 compared with either control), 
as measured 24 h after the last injection (Fig. lb). Immunoblot 
analysis showed that Fas(sequence 1) siRNA reduced Fas protein 
in hepatocytes nearly to background (Fig. lc). The effect was spe- 
cific, as injection of control siRNA targeting GFP did not change 
Fas expression, and Fas(sequence 1) siRNA treatment did not af- 
fect the expression of other Fas-related genes, such as those en- 
coding FasL, FADD, FAF, TRAIL and TNF receptor p55 and RIP 
(Fig. lb). Specificity was also demonstrated by RPAs of hepato- 
cytes from mice injected with siRNAs targeting other regions of 
Fas. Two additional siRNAs, sequences 5 and 6, silenced Fas ex- 
pression by -81-86%, as efficiently as sequence 1. In contrast, se- 
quence 2, beginning only one nucleotide downstream of 
sequence 6, reduced Fas expression by only 38% (Fig. 3e). Two 
sequences (3 and 4) did not suppress Fas expression at all. 

siRNA seemingly suppresses expression more efficiently than 
does the intraperitoneal injection of antisense oligodeoxynu- 
cleotide (ODN) described in a previous report", where mice were 
treated with a higher dosage (6 mg/kg) of anti-Fas ODN for 12 
consecutive days. Approximately 14-fold less total nucleic acid 
was administered here (50 ug for 3 injections to mice weighing 
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Fig. 1 Injection of siRNA duplex efficiently silences Fas 
gene expression in mouse hepatocytes. a, Hepatocytes har- 
vested 24 h after 3 injections of saline or Cy-5-labeled 
fo5(sequence 1 ) siRNA were stained with albumin-FITC (alb- 
FITC) and analyzed by flow cytometry. A high proportion of 
hepatocytes take up the duplex siRNA, as indicated, b, RPA 
for Fas mRNA expression in hepatocytes from mice that 
were untreated (lane 1) or were injected 24 h earlier with 
saline (lane 2), CfP(sequence 1) siRNA (lane 3) or ^(se- 
quence 1) siRNA (lane 4). Silencing of Fas expression in mice 
treated with Fas siRNA is maintained 5 (lane 5) or 1 0 d (lane 
6) later. Expression of other genes involved in the Fas path- 
way and housekeeping genes (132 and Capo) were unaf- 
fected (names of the corresponding proteins are listed at 
right). Similar results were obtained in 3 independent exper- 
iments. The graph shows results of densitometric quantifica- 
tion of the Fas/ Gapdh ratios in 3 mice per condition. Fas 
mRNA levels in hepatocytes are significantly tower (*, P < 
0.001 ) at all times in mice treated with Fas siRNA mice than 
in control mice, c, Fas immunoblot of lysates from hepato- 
cytes obtained from untreated mice (lane 1 ), or 24 h after 
saline (lane 2), CFP siRNA (lane 3) or Fas siRNA (lane 4) in- 
jection, and 5 (lane 5) or 1 0 d (lane 6) after Fas siRNA injec- 
tion. Mouse recombinant Fas and FasL proteins serve as 
positive (P) and negative (N) controls, respectively. Similar 
results were obtained in 3 independent experiments. 



a 



<0 

c 

o 
o 



-24 g) to reduce Fas expression to a similar degree. In a recent 
study, siRNA was quantitatively more efficient than antisense 
ODN at suppressing co-transfected GFP expression both in vitro 
and in vivo 15 . However, a direct comparison using varying doses 
is needed to determine relative efficiency, 

A major concern in applying siRNA therapeutically is the sta- 
bility of silencing under physiological conditions. 
Double-stranded siRNAs resist biodegradation in fetal 
calf serum and in human plasma 15 , and in one study 
siRNA-directed suppression of a co-transfected gene in 
vivo in mouse liver was maintained for several days 6 . In 
our study, levels of both Fas mRNA and Fas protein 
were stably reduced for 10 days after the last injection 
(Fas/Gapdh mRNA ratios: day 1, 0.0024 ± 0.0004; day 5, 
0.0035 ± 0.0006; day 10, 0.0029 ± 0.0004, P > 0.05) (Fig. 
lb and c). Fas mRNA levels and Fas protein expression 
were still only 40% of those in control mice on day 14, 
but returned to normal 20 days after the last injection 
(data not shown). The duration of silencing in hepato- 
cytes, which contrasts with more transient silencing in 
transformed cell lines 3 , indicates that sustained thera- 
peutic silencing in hepatocytes may not require siRNA 
expression from plasmids or viral vectors. The differ- 
ence between liver cells and cell lines probably occurs 
because hepatocytes are mostly non-dividing, so there 
is no siRNA dilution with cell division. However, al- 
though unlikely 16 , the possibility that sustained sup- 
pression in hepatocytes might be due to siRNA 
amplification, which occurs in lower species 17,18 , has 
not been ruled out. Because silencing after duplex 
siRNA injection is prolonged but not permanent, long- 
term toxicity, such as lymphoproliferative or autoim- 
mune disease, seen in humans with mutations of the 
homolog FAS (TNFRSF6) and in the Ipr mouse" is prob- 
ably of little concern. 

Two known mechanisms underlie Fas-mediated ful- 
minant hepatitis. Ligation of the Fas receptor on hepa- 



tocytes induces massive apoptosis, accompanied by an infiltra- 
tion of inflammatory cells and secondary necrosis 20 . Fas engage- 
ment also provokes hepatic inflammation by inducing 
expression of hepatic chemokines that recruit and activate im- 
mune cells, leading to hepatocyte death in a pro-inflammatory 
milieu 21 . To determine whether the efficient suppression of Fas 
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Fig. 2 In vivo treatment with Fas 
siRNA protects mouse hepatocytes 
from Fas-mediated apoptosis and cy- 
totoxic lysis by ConA-activated he- 
patic mononuclear cells, o, Flow 
cytometric analysts of FITC-TUNEL 
staining of primary hepatocytes from 
untreated mice, mice injected with 
saline and mice injected with /^se- 
quence 1) siRNA, exposed in vitro to 
500 nM of agonistic Fas-specific 
monoclonal antibody. Hepatocytes 
from untreated mice not exposed to 
Jo2 monoclonal antibody served as 
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negative control. Percentage of FITC-TUNEL-positive cells and mean fluorescence in- 
tensity (MFI) are indicated. 6, Hepatic mononuclear cells from ConA-injected mice lyse 
hepatocytes from mice treated with .saline (■) but not mice injected with Rese- 
quence 1) siRNA (♦). E/T ratio, effector/target ratio. Similar results were obtained in 3 
independent experiments. *, P < 0.001 at each ratio. 
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Fig. 3 Fas gene silencing protects 
mice from fulminant hepatitis and 
hepatic fibrosis, a, Representative 
liver histology of ConA-induced he- 
patitis in mice injected with saline, 
CfP(sequence 1) siRNA and fos(se- 
quence 1) siRNA (n = 5 per group). 
Livers were stained with H&E 20 h 
after ConA injection. Original magni- 
fication x200. b, Serum ALT and AST 
in mice injected with saline, CFP 
siRNA and Fas siRNA (n - 5 per 
group) measured 20 h after ConA in- 
jection, c, Representative liver histol- 
ogy 1 week after 6 weekly injections of ConA in mock-treated mice and 
mice injected with CFP{ sequence 1) siRNA and Fos(sequence 1) siRNA (n 
= 3 per group). Original magnification xlOO. Livers of mice treated with 
Fas siRNA mice did not develop bridging fibrosis, d, At 1 week after the 
last ConA injection in the chronic hepatitis model, hepatic hydroxypro- 
line and serum procollagen type III (PIIINP), indicators of ongoing fibro- 
sis, were normal in mice injected with fas siRNA (n = 3 per group) but 
elevated in mock-treated mice and those treated with CFP siRNA . #, P < 
0.05; O, P < 0.01, as compared with control groups, e, Survival advan- 
tage of mice injected with Fas siRNA as compared to saline or CFP siRNA 
after challenge by intraperitoneal injection with Fas-specific antibody 



L32 

GAPOH 




Days after Jo2 injection 



and observation for 1 0 d before sacrifice. RPA analysis at left (representa- 
tive data from 2 independent experiments) shows specific silencing of 
Fas expression in hepatocytes of mice treated with Fas siRNA sequences 
1, 5, and 6 and partial silencing with Fas sequence 2. GFP1, GFP(se- 
quence 1); GFP2, CFP(sequence 2). The Fas/Capdh signal ratio has been 
normalized to that of mock-treated mice. Sequences that silenced Fas by 
£80% protected against fulminant hepatitis, whereas sequences that did 
not silence or silenced inefficiently provided no protection. *, P< 0.0001 , 
■, CFP (dT) (n s 1 0); A, CFP (CU) (n = 1 5); ▼, saline (n = 1 5); O, ^(se- 
quence 1) (n = 20); •, Fos(sequence 2) (n = 10); □, Foj(sequence 4) (n = 
1 0); A, Fos(sequence 5) (n = 1 0); V, fos(sequence 6) (n ss 1 0). 



expression in the liver after duplex siRNA injection protects he- 
patocytes from Fas-mediated apoptosis, hepatocytes from mice 
treated with Fas(sequence 1) siRNA and mock-injected mice 
were challenged in vitro with an agonistic Fas-specific antibody 
(Jo2) or activated hepatic mononuclear cells harvested from 
ConA-treated mice. In vitro exposure of hepatocytes from un- 
treated or mock-treated mice to Jo2 (500 ng/ml) for 24 h resulted 
in 87.8 ± 6.8% (n = 5) apoptotic cells as measured by fluorescein 
isothiocyanate-terminal deoxynucleotide transferase-mediated 
dUTP nick end labeling (FITC-TUNEL) staining (Fig. 2a). In con- 
trast, only 7.9 ± 1.5% (« = 5) of cultured hepatocytes from mice 
treated with Fas(sequence 1) siRNA were stained by TUNEL (P < 
0.0001). Moreover, protection from in vitro Fas-induced apopto- 
sis after tail vein injection of other Fas siRNAs correlated with 
Fas suppression: Fas siRNA that did not silence had no effect on 
apoptosis, whereas partial silencing provided partial protection 
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(data not shown). A recent study shows that FasL-expressing nat- 
ural killer T cells are the hepatic mononuclear cells that induce 
hepatic cell injury in ConA-induced hepatitis 22 - 23 . We therefore 
tested, using an alanine aminotransferase (ALT) release assay, 
whether hepatocytes from mice treated with Fas(sequence 1) 
siRNA were resistant to cytolysis by hepatic mononuclear cells 
isolated from ConA-treated mice (Fig. 2b). Hepatocytes from 
mice treated with Fas siRNA were not lysed by hepatic mononu- 
clear cells, whereas hepatocytes from mock-treated or untreated 
controls were. Thus, Fas silencing effectively inhibits hepatocyte 
apoptosis in vitro. 

We next examined whether Fas siRNA treatment protects mice 
from fulminant hepatitis in two models of Fas-mediated liver 
damage. Mice treated with Fa5(sequence 1) siRNA, GFP(sequence 
1) siRNA or saline were challenged 1 day later by intravenous in- 
jection of ConA. Serum transaminase concentrations and liver 
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pathology were analyzed 20 h after ConA challenge. All control 
saline-treated mice and mice treated with GFP siRNA had exten- 
sive liver damage, showing confluent hepatocyte necrosis with 
bridging and inflammatory cell infiltrates surrounding the por- 
tal and central veins (Fig. 3a). Most surviving hepatocytes had 
cytoplasmic swelling, and there was frequent nuclear chromatin 
condensation, indicative of apoptosis. In contrast, pretreatment 
with Fas siRNA prevented liver cell necrosis and abrogated in- 
flammatory infiltration, although mild hepatocyte swelling oc- 
curred. In ConA-induced hepatitis, release of the transaminases 
ALT and aspartate aminotransferase (AST) from damaged hepa- 
tocytes peaks in the serum 20 h after injection and is a good in- 
dicator of the extent of liver damage 24 . In agreement with the 
morphological findings, Fas siRNA treatment almost completely 
prevented the elevation of serum ALT (142 ± 58 IU/1 versus 2150 
± 312 IU/1 in saline-treated controls; n = 5, P < 0.001; normal, 30 
IU/1) and AST (270 ± 90 IU/I versus 4120 ± 876 IU/1 in saline- 
treated controls; n = 5, P < 0,001; normal, 50 IU/1) (Fig. 3b). 

Fas-mediated hepatocyte apoptosis also contributes to the de- 
velopment of liver fibrosis in chronic hepatitis 12,2S . To evaluate 
further the therapeutic potential of Fas siRNA to treat chronic 
liver injury, and to determine whether siRNA administered after 
the noxious insult can protect in a more clinically relevant sce- 
nario, we delayed siRNA treatment until 24 h after the second of 
six weekly injections with a reduced dose of ConA, The siRNA 
injection was repeated once two weeks later. Mice were killed at 
seven weeks, one week after the last ConA injection. All mock- 
treated mice and mice treated with GFP siRNA developed bridg- 
ing fibrosis in the liver parenchyma, whereas no hepatic fibrosis 
or necrosis was seen in mice treated with Fas(sequence 1) siRNA 
(Fig. 3c). Fas siRNA treatment also significantly reduced two 
chemical indicators of active fibrosis, hepatic hydroxyproline 26 
(0,56 ± 0.17 mmol/g liver tissue in mice treated with Fas siRNA 
versus 2.13 ± 0.95 mmol/g in mock-treated controls; n - 3, P < 
0.05; normal, 0.5 mmol/g) and serum procollagen type III 
(PIIINP) 27 (5.6 ± 1,5 ng/1 in mice treated with Fas siRNA versus 
39.2 ± 2.1 ng/1 in saline-treated controls; n = 3, P < 0.01; normal 
5 ng/1) (Fig. 3d). In addition, there was no evidence of toxicity, 
including lymphoproliferation, splenomegaly or other organ 
damage, from prolonged silencing of fas, even with repeated in- 
jection (data not shown). These results indicate that treatment 
with Fas siRNA might provide protection even after the initia- 
tion of chronic liver injury. 

To evaluate further whether Fas siRNA promotes survival in ful- 
minant hepatitis, we challenged mice in a more aggressive hepati- 
tis model 10 by intraperitoneal injection of a Fas-specific antibody. 
All control mice (n = 40) died within 3 days, mostly within 24 h 
after antibody injection. Mice treated with Fas siRNAs(sequences 2 
or 4), which silenced expression by only 38% or not at all, also 
were not protected. However, mice pretreated with Fas siRNAs 
that silenced expression by 81-86% (sequences 1, 5 or 6) were pro- 
tected from lethal challenge: 33 of 40 mice survived for the 10 
days of observation (log-rank test, P < 0.0001) (Fig. 3e). Fatalities in 
the Fas siRNA-treated group were from hemorrhage secondary to 
liver failure. Liver damage in lethal fulminant hepatitis culminates 
within the first few weeks, but the survivors recover thereafter 28 . In 
fact, livers and other organs from the surviving mice appeared 
normal when the animals were killed at the end of the observation 
period (data not shown). Hence, Fas silencing during the acute in- 
sult prevents death from fulminant hepatitis. 

Based on the crucial role that Fas-mediated apoptosis plays in a 
broad spectrum of immune-related liver diseases, siRNA-directed 



Fas silencing may be of therapeutic value for preventing and treat- 
ing acute and chronic liver injury induced by viral and autoim- 
mune hepatitis 2,9 , alcoholic liver disease, acute and chronic liver 
failure 20,25 and rejection of liver transplants 2 . In fact, preliminary 
studies in a mouse transplant model indicate that prophylactic ad- 
ministration of siRNA might prevent rejection Q.W., N.O., J.M. 
and J.C., unpublished data). Protection from other hepatotoxic 
agents needs to be investigated. Extension of these results to pre- 
vent or treat other diseases, however, may require other strategies, 
such as viral vectors, to target other cell types and tissues. In addi- 
tion, it is not clear whether hydrodynamic injection can be 
adapted to primates, as the volume injected into mice is a substan- 
tial fraction of the circulating blood volume. However, regional 
delivery of high concentrations of siRNA via hepatic artery or por- 
tal vein cannulation remains a viable alternative. 

Methods 

Preparation of siRNAs. siRNAs were synthesized using 2'-0-ACE-RNA 
phosphoramidites (Dharmacon Research, Lafayette, Cotorado). The sense 
and anti-sense strands of siRNAs were: fds(sequence 1), beginning at nt 
364, 5'- P.GUGCAAGUGCAAACCAGACdTdT-3' (sense), 5'- P.GUCUGGU 
UUGCACUUGCACdTdT-3' (antisense); Resequence 2), beginning at nt 
874, 5'-P.AGCCGAAUGUCGCAGAACCdTdT-3' (sense); 5'-P.GCUUCUGC- 
GACAUU CGGCUdTdT-3' (antisense); Resequence 3), beginning at nt 
1 37, 5'-P.GGAUUAUAUCAAGGAGGCCdTdT-3' (sense); 5'-P.GGCCUCCUU 
GAUAUAAUCCdTdT-3' (antisense); Frequence 4), beginning at nt 501, 
5'-P.AUCGCCUAUGGUUGUUGACdTdT-3' (sense); 5'-PGUCAACAACCAUA 
GGCGAUdTdT-3' (antisense); Resequence 5), beginning at nt667, 5'-P.A 
UACAUCCCGAGMUUGCUdTdT-3' (sense); 5'-P,AGCAAUUCUCG GGAU 
GUAUdTdT-3' (antisense); /^(sequence 6), beginning at nt 873, 5'-P.AAG 
CCGAAUGUCGCAGAACdTdT-3' (sense); 5'-P.CUUCUGCGACAUUCGGC 
UUdTdT (antisense). CfP(sequence 1), 5'- P.GGCUACGUCCAGCAGCG- 
CACC-3' (sense), 5'- P.UGCGCUCCUGGACGUAGCCUU-3' (antisense); 
GFP(sequence 2), 5'-P.GGCUACGUCCACGAGCGCAdTdT-3' (sense), 5'-P.U 
GCGCUCCUGGACGUAGCCdTdT-3' (antisense); P represents 5' phosphate. 

RNAs were deprotected and annealed according to the manufacturer's 
instruction. Cy5-labeled Fas siRNA with the fiuorophore coupled to the 3' 
end of the sense strand was produced by Dharmacon Research. 

siRNA treatment. Male BALB/c mice, 8-10 weeks of age and weighing 
20-25 g, were purchased from the Jackson Laboratory (Bar Harbor, Maine). 
Synthetic siRNAs were delivered in vivo using a modified 'hydrodynamic 
transfection method'", by which 50 ug siRNA dissolved in 1 ml PBS was 
rapidly injected into the tail vein. The injection was repeated 8 and 24 h 
later. Control mice were injected with an equal volume of normal saline or 
CfP siRNA. 

Isolation of hepatocytes. Hepatocytes were isolated by a modified hepatic 
portal perfusion technique 2 *. The purity of hepatocytes, determined by flow 
cytometric analysis of intracellular albumin staining using fluorescein-con- 
jugated goat antibody against mouse albumin (Bethyl Laboratories, 
Montgomery, Texas), was >90% (data not shown). For some experiments, 
cells were briefly cultured after plating at 2 x 1 0* cells per 60 mm collagen- 
coated culture dish in William's Medium E (Gibco-BRL, Grand Island, New 
York) supplemented with 10% fetal bovine serum, 15 mmol/l HEPES (pH 
7.4), 1 jimol/l insulin, 2 mmot/i l-glutamine, 100 units/ml penicillin, and 
100 jig/ml streptomycin. 

RPA. Total RNA was extracted from hepatocytes using Trizol reagent 
(Molecular Research Center, Cincinnati, Ohio), and an RPA was carried out 
using 1 5 ug of total RNA and the In-vitro Transcription Kit and mouse mAPO- 
3 multi-probe template set (BD Pharmingen, San Diego, California) accord- 
ing to the manufacturer's instructions. Intensities of the protected bands 
were quantified by phosphorimaging (Fuji-BAS 1500, Fuji, Tokyo, japan) 
based on the ratios of the mRNAs of interest to Gapdh (internal control). 

tmmunoblot. Protein extracts of mouse hepatocytes were resolved over 1 2% 
SDS-polyacrytamide gels, transferred onto nitrocellulose membranes, probed 
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with rabbit polyclonal antibodies against mouse Fas and then with peroxi- 
dase-conjugated goat antibodies against rabbit as the secondary antibody 
(Oncogene Research Product, Boston, Massachusetts), and then visualized by 
chemiluminescence (Amersham Life Science, Arlington Heights, Illinois). 

Apoptosis assay. Primary hepatocytes from untreated mice or mice treated 
with Fas siRNA or saline were seeded in 1 2-well plates at a density of 1 x 
107ml. The next day |o2 monoclonal antibody (500 ng/ml; BD 
Pharmingen) was added; 24 h later, liver cell apoptosis was evaluated by 
FITC-labeled TUNEL assay (Boehringer Mannheim, Mannheim, Germany), 
analyzed by flow cytometry on a FACScan flow cytometer with LYSIS It soft- 
ware (Nippon Becton Dickinson, Tokyo, Japan). 

ALT release assay. Target liver cells, plated in 1 2-well plates at 1 x 10 4 
cells/well, were co-cultivated overnight with mononuclear cells isolated 
from livers of mice treated with ConA (1 5 mg per kg body weight) at differ- 
ent effector-to-target ratios. Release of ALT from hepatocytes was measured 
in the supernatants using an ALT assay kit (Boehringer Mannheim). 
Cytotoxicity was expressed as the percentage of ALT in the supernatants, 
compared to total ALT in detergent-lysed cells. 

Induction of acute hepatitis. Mice were injected intravenously through the 
tail vein with ConA (1 5 mg/kg; Sigma, St. Louis, Missouri) reconstituted in 
pyrogen-free saline 21 . After 20 h, serum ALT and AST were measured using a 
standard clinical automatic analyzer (Hitachi, type 71 50, Tokyo, |apan), and 
paraffin-embedded liver sections were stained with H&E. Other mice were in- 
jected intraperitoneally with 8 \ig of Jq2 monoclonal antibody and followed 
for 1 0 d, then killed and their livers subjected to histological examination. 

Induction of liver fibrosis. A reduced dose of ConA (8 mg/kg) dissolved in 
pyrogen-free saline was injected in the tail vein weekly for 6 consecutive 
weeks 30 . Mice were treated with three injections of siRNA as above begin- 
ning 24 h after the second and fourth Con A injections and sacrificed 
1 week after the final injection of ConA. Liver fibrosis was evaluated by H&E 
staining and measurement of hepatic hydroxyproline 26 and serum procolla- 
gen type lit using a sequential saturation radioimmunoassay (Calbiochem, 
La jolla, California), as described 27 . 
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